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(54) TRANSMITTER-RECEIVER WITH TWO-WAY 
EQUALIZATION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
transmitter-receiver that includes intersymbol 
interference 2-way correction device for a communication 
system exchanging data with a remote device through a 
channel using a distribution modulation/demodulation 
processing means. 

SOLUTION: A transmitter-receiver is provided with an 
equalization means 23 that equalizes a 1st signal 
received from a remote device and a pre-stage 
compensation means that applies predistortion to a 2nd 
signal sent to the remote device, and also with a means 
230 that stores information representing nonlinear 
distortion of a modulation/demodulation means and 
specifying a nonlinear reference signal, a means 233 
adjusting a coefficient (CO) of the equalization means 
23 that denotes a signal received from the remote device 
and nonlinear information and the adjusted coefficient 
is sent to the pre-stage compensation means. 
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1 • Title of Invention 

TRANSMISSION/RECEPTION UNIT WITH 
BIDIRECTIONAL EQUALIZATION 

2 . Claims 

1 - Data transmission/reception unit to exchange data with a remote unit through a 
channel using means far modulation/demodulation trsatmer^l distributed botween 
said data transmission/reception unit and said remote unit said transmis- 
sionyreceplion ur\ft including equalization nr;eans (23) to equallie a first signal re- 
ceived from said remote unit and predistortlon means (13; 13a. 13b) to predistort a 
second ^gnal transmitted to said remofte unit. 

characterized in that (a) - the means for modulation/demodulation treat- 
ment operate according to a non-linear mode and (b) - the unit Includes 
(bi) - msans (230, 231; I) to store information which is representative of a non- 
linear distortion of said modulation/demodulation treatment means and which de- 
fines a non-linear reference, and 

(b2) - means (233; COR, EQU) to adjust coefficients (CO) in the equalization 
means (23) according to the signal received from the remote unit and said repre- 
sentative informafion, said adjusted coefficients being transmitted to said predistor- 
tlon means (13; 13a, 13b). 

2 - Transmlssionyreceptlon unit according to claim 1, characterized in that the data 
transmission/reception unit exchanges data with said remote unit using a duplex 
mode by time division, and that said adjusted coefficients (CO) are used in the 
equalization means to equalize said first signal during a reception time interval and 
are transmitted to said predistortlon means to predistort said second signal during 
the fdllowing transmission tJnxe interval. 

3 - Transmissron/receptlon unit according to claim 1, characterized in that the ad- 
justment means are calculation means (233) which mbitmize an error signal (ES) in 
the equalization means (233) according to, on the one hand, said signal received 
from the remote unit and, on the other hand, said representative information. 

4 - Transmission/reception unit according to claim 2. characterized in that the 
means for non-linear modulation/demodulation treatment are frequency modula- 
tion/demodulation treatment means. 

5 - Transmission/reception unit according to daim 3, characterized In that said unit 
is a base station of a radio communications system with the mobile phone& accord- 
ing to the DECT standard. 

6 ^ Transmission/reception unit according to claim 1. characterized in that the ad- 
justment means Include: 





(9) 
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- means {AfO) to sample said first signal rec^ved from tti© remote unit to a 
higher frequency than a fnecuency of logic symbols associated to the signal re- 
ceived and to define sample sets ({(p(k, T)}), each one defined by a sample phase 
respectively, 

- means (COR) to correlate said representative information ({I}) to each one 
of the sample sets ({<p(k, T)}) of the signal received frorri the remote unit, to define 
the a priori optimum sample set ({(p(k. T)}), 

- means to select a sample set between said a priori optimum sample set 
(Wk. T)}) and some of said sample sets ({qKK-2, T)}, {<p(K-1. T)}. {tpCK-^-l, T)} and 
{cp(K+2. T)}) defined by sample phases near to the sample phase of said a priori 
optimum sample set the selected set being the set produdng the smallest equali- 
zation error signal wKh respect to a logic symbol sequence (TS), and 

- calculation means to minimize an error signal in the equalization means, 
according, on the one hand, to said signal received from the remote unit when it is 
sampled with the sample phase of the selected sample set and, on the other, to 
said logic synnbol sequence (TS). 

7 - Transmission/reception unit according to daim 5. characterized in that the 
means for non-linear modulation/demodulation treatment are means tor frequency 
modulation/demodulation treatment. 

8 - Transmission/reception unit according to daim 6, characterized in that said unit 
is a base station of a radio communications system with the mobile phones accord- 
ing to the DECT standard. 



0-271051 



Mfff'y- = P 4 0 7 0 3 ^->^ (3/Jl) 



3* Detailed Description of Invention 
OBJECT OF THE INVENTION 

The presQnt invention refers to a data transmission/reception unit to ex- 
change data with a remote unit by means of a channel using non-linear modula- 
lion/demodulation treatment means, for example frequency moduJa- 
tlcn/demodulatian. 

STATE OF THE ART 

The use of frequency modulation methods, like that used in the European 
standard for wirolass comnriunication DECT, of the GFSK type, makes the use of 
frequency demodulators, for example by means of discriminators, recommendable; 
in this way. the recovery of data Is possible by means of a simple threshold deteo 
tor to decide between the two logic values "1" or 

In some fields of application of these methods, this type of receiver is suffi- 
cient due to tha fact that the maximLffn temporary dispersion of the signal in Ihe 
receiver is rather less than a symbol and, hence, the Interference between symbols 
due to the radio channel is handty detectable. 

However, in other applications where radio coverage is greater and induces 
multiple trajectorles .of the waves, the effects of attenuation and reflection in the 
propagation thereof have to be taken into account Therefore, the use of equalizers 
is recommendable, which rectify this effiect that degrades the signal quaRty, consid- 
erably enhancing the probabSlty of error of the recovered symbols. For this reason, 
some kind of equalizer is used, as shown in the artlde "Adaptive equalization for 
□ECT systems operating in low time-dl$persfve channels" by J. Fuht and G. 
Schultes, published in the magazine "Electronics Letters", November 25, 1993. voL 
29, N 24, pages 2076-2077. In this article, an adaptive equalizer of the well-known 
DFE (dedsion feedback equalizer) type is used and where 16 bits of burst syn- 
chronization defined in the DECT are used as a training sequence. The training 
sequence is stored in a ROM memory and is applied to the equalizer when the sig- 
nal con-esponding to tile training sequence received appears In the input thereof. 
This avoids that the passible errors that are produced in the detector when the 
coefficients of the fitters are stni unsuitable are fed back to the equalizer and per- 
mits that the convergence is produced faster. 

\A/hen the type of modulation/demodulation is non-linear, even under Ideal 
propagation conditions the demodulated signal may be consldarably distorted due 
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to the mentioned non-linear effect Under these conditions, tne convergence of the 
equalizer may be Inadequately produced, since the non-linear process to which the 
received signal is subnnltted Is not being duly taken into account. For example, the 
frequency moduiator and the frequency discriminator introduce non-linear distor- 
tions given that the voitage-frequency conversion characteristic on the one hand, 
and the frequency-voltage on the other, are not a constant as in the ideal case. 

More specifically, th© Invention refers to a transmission/reception unit, in- 
cluding a bidirectional correction device for the inter-symbolic interference acting 
through both directions of the radio channel. The device permits the correction of 
interferences In both directions of me data route. Including an equalizer in the re- 
ception chain and a predistorter In the transmission chain. The objective of incorpo- 
rating the bidirectional correction function of the inter-symbolic interference in the 
same transmission/reception unit is to reduce the cost of the other unitfs) that ex- 
change data with said unit 

A device of this type, including an equalizer and a predistorter. is known 
from the document "Adaptive channel precoding for personal communications" by 
W. ZHUANG et aL, published in the magazine "Bectronlcs Letters". September 15, 
1994. VOL 30. N 19. pages 1570-1571. In this document, a solution to the problem 
of linear modulation/demodulation is proposed, this being phase modulation. 

This limitation is the result of the superposition of the non-linear effects and 
the inter-symtjollc interference effects due to the multiple trajectortes of the waves, 
which hinders d "bidirectional equalization' in only one transmission/reception unit. 
If the non-linear effects do not F>ermit the effective correction of the inter-symbolic 
interference In the received signal, an imperfect predistortion results, which may be 
worse than not using this predistortion. Furthenmore, the requirements for updating 
the equalizer coefficients and the predistorter coefficients for each transmis- 
sion/reception penod using a short signal sequence to assess the channel status 
have to be taken into account 



One objective of the present invention is to propose a transmis- 
sion/reception unit for a communications system operating in a non-linear mode, 
that includes a bidirectional correction device for the inter-symt>olic interference. 
The Invention is applied to the DECT system, but not exclusively. 

As a resuft, a data trans misslonyreoeptlon unit that exchanges data with a 
remote unit by means of a channel using distributed modulation/demodulation 



CHARACTERIZATION OF THE iNVENTIQW 
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treatment means distributed between said data transmisslon/reception unit and 
said remote unit, said transmission/reception unit including equalization means to 
equalize a first signal received from said remote unit and predistortion means to 
predistort a second signal transmitted to said remote unit, is characterized accord- 
ing to the invention in that (a) -the modulation/demodulation treatment means work 
according to a non-linear mode and (b> -the unit fndudes 

(b1) means to store information which Is representative of a non-linear distortion 
of said modulation/demodulation treatment means and which defines a non-linear 
reference and 

(b2) -means to adjust equalization means coefficients according to the signal re- 
ceived from th^ remote unit and said representative Information, the mentioned 
adjusted coeffidents being transmitled to said predistortion means. 

Therefore, both In the equalizer and in the predistorter. the correction of the 
jnter-symbolic interference is -carried out independently from the non-linear distor- 
tion resulting from modulation/demodulation. 

According to a first embodiment, the transmission/reception unit is charac- 
terized in that the adjustment means are calculation means minimizing an error 
signal in the equalization maans, on the one hand according to said signal received 
from the remote unit and, on the other, to the mentioned representative informa- 
tion. 

According to a second embodiment, the adjustment means Include: 
• means to sample said first signal received from the remote unit to a fre- 
quency which IS higher than a frequency of logic symbols associated to the re- 
ceived signals and to define sets of samples, each one defined by a sample phase. 

- means to correlate said representative fnformation with each one of the 
sample sets of the signal received from the remote unit, in order to determine an a 
priori optimum sample set, 

- means to select a sample set between said a priori optimum sample set 
and some of said sample sats defined by respective sample phases near to the 
sample phase of said a priori optimum sample set tho selected set being the one 
that produces the smallest equalization error signal with respect to a sequence of 
logic symbols, and 

- calculation means to minimize an error signal tn the equalization means 
according, on the ono hand, to said signal receivod from the remote unit when it is 
sampled with the san^e phase of the selected sample set. and on the other hand, 
to said logic symbol sequence. 
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DESCRiPT!Of>J OF THE IMVENTiQM 

A more dstalfed explanation of this invention is given in the foHowing de- 
scription based on the attached figures. 

The present invention, In a preferred embodiniGnt, Is applied in a base sta- 
tion for a digital communications system with GFSK modulation used in the Euro- 
pean digital system of wireless tejecommunications (DECT). This base station ex- 
(Uianges data with a remote unit, for exampfe a terminal, using a duplex mode by 
division in time. 

In figure 1, the base station includes a transmission chain and a reception 
chain. The transmission chain includes, connected in cascade, a source cf binary 
data 10, a Gauss filter 11, an integrator 12, a predistorter 13, two drcuit$ 14a and 
14b for separation of the components in quadrature, a low pass filter 15 and an 
elevator converter 16, the output of which is connected to an antenna. The recep- 
tion diain includes, connected in cascade, an RF filter 20, a frequency reducer 21. 
a limiter/discrtminafcor 22, an equalizer 23 and a digital system 24. The Gauss filter 
1 1 and the integrator 12 are used to modulate the binary data to lae sent in fre- 
quency and the limlter/discriminatDr22 is used to demodulate the signal receaved in 
frequency. 

Figure 2 shows the predistorta- including two predistortion drcults 1 3a and 
13b. Each one predstorts a signal corresponding tD a component in phase and in 
quadrature. In this embodiment, the integrator 12 output is applied to the two cir- 
cuits I4a and 14b for separation of the components in phase and in quadrature. 



(14) #P^1 0-2 7 1 0 5 1 

mM^''} = P 4 0 7 0 3 ^ -y^ (7/iI) 



The outputs of these two circuits 14a and 14b are respectively applied to the two 
predlstortlon circuits 13a and 13b. in figure 1, a coefficient transfer output of the 
equalizer 23 is applied to a coeffidenf updating input of tlie predistorter 13. In fig- 
ure 2, a coefficient transfer output of the equalizer 23 is applied to a coefficient up- 
date input of each one of the two predlstortlon cfrcufts I3a and 13fa. 

In a third embodiment (not shown), the reception chain inciudes, connected 
in cascade, the digital data source, a predistorter, a Gauss filter, a VCO and an 
elevator converter 

The precfistorter 13 (FIG. 1) or the predistortion circuits 13a and I3b (FIG. 2) 
modify the signal received in their inputs with a transfer function compensating the 
inter-symbolic interference due to the radio channel. 

Figures 3 and 4 show a first prefen^ed embodiment of the i'nventior>. Figure 4 
shows the Ilmlter/discflminator 22 of the reception chain of the base station includ- 
ing an amplitude limiter 220. a discriminator 221 and a low pass niter 222. 

The function of the fimiter 220 is to trim the signal, so that at its output the 
amplitude of the signal is always constant. This allows Its demodulation to be per- 
formed without having to resort to automatic gam control methods. On being a 
system with frequency modulation and constant envelope, when filtering the 
trimmed signal again with an intermediate frequency filter we obtain a signal with 
the same infonmation as that received but this time with an always constant ampli- 
tude. 

The frequent discriminator 221 Is normally a muUiplier which Is a non- 
linear component, muftiplying the signal to be demodulated fay another wtMch is that 
derived from the former and tiesides daphased 00« The output signal of the dis- 
criminator 221 Is sent to tfie low pass filtor 222 which eliminates noise, especially 
that of higher frequencies whose effect is more damagino. since as we know, the 
spectral noiso density at the output of a frequency demodulator is of the parabolic 
type. 

Finally, the output signal of the aforementioned low pass filter 222 is sent, 
by means of the equaUzer 23, to a symbol detector 24a that belongs to the digital 
system 24. This detector 24a is, in the simplest case, a comparator witfi a refer- 
ence level corresponding to that provided by the demodulator in absence of a 
modulated signal; that is. when only the carrier is received, in this circumstance, 
the values above the reference level ane equrvalent to a logic value and the values 
below are equhraiant to another logic value. Obviously., much more compfex detec- 
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tors can be used which obtain a lower probability of error for the same noise condi- 
tions, but this does not affect the object of the Invention. 

Through the remote terminal transmission chain up to the input to the sym- 
bol detector 243 of the base station, the signai passes through different compo- 
nents distorting the signal non-linear(y, which are not in prmctple tal^en into account 
when equalizing and predistorting according to the state of the art described in the 
document 'Adaptive channel precoding for personal communications" by w. 
2HUANG et al.» published in the magazine "Electnonics Letters*. September 15, 
1 994, vol 30. N 1 9, pages 1 570-1 571, 

For this reason, according to the invention, the equalizer 23 includes a wave 
ehaper 230 which receives symbols of a training sequence TS formed of bits with 
logic states "1" and "O**. This sequence is locally stored In the base station and is 
identical to a sequence sent by the remote terminal. The wave shaper 230 stores 
(nformation which is reprefientative of a non-linear distortion of the non-linear 
modulationAdemadulation means which are distributed between the base station 
and the remote terminal or unit. This Information defines a non-linear reference. 
The components taken into account in the transfer function of the wave shaper 230 
are, for example, in the remote terminal transmission part, the pnemodulation 
Gauss filter and the frequency modulator and In t^e reception part of the base sta- 
tion, the amplituda limiter 220. the frec^ency discriminator 221 and the low pass 
filter 222. The specialist can itmit the transfer ftinction of the wave shaper 230 to 
some of these chain ccmponants of the terminal transmission chain and the recep- 
tion chain of the base station which induce norklinear effects. The traintng se- 
quence TS, which In this case for DECT is the burst training sequence, is stored in 
a logic circuit 231. For each DECT bur^. an equalizer training phase Is produced. 
This training phase Is produced when the training sequence transmitted by the re- 
mote tenminal is recelwed in an input of a first FFF ffjter of the equalizer 23 of the 
base station. In this moment the stored TS sequence is applied to an Input of a 
second FBF filter by means of the wave shaper 230 by a switch 232. 

As shown in figures 3 and A, the equ«ilizer 23 tncfvide^, according to a 
known embodiment, the linear filter with feed FFF (Feed Forward Filter) and the 
linear filter with feedback FBF (FeedBack Filter}, both defined by a delay 'T* and 
coeffldents CO which are cl^, Ci, Cq, Ci end ^ and also a calculation module 233. 
According to the invention, the equalizer 23 also includes the logic circuit 231 
which stares the burst synchronism sequence TS arut the wave shaper 230 whose 
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input fs connected to an output of the logic circuit 231. An FFF filter output is con- 
nected to an Input of the symbol detector 24a. through an adder svhose second 
input is connected to an FBF filter output. During the training phase, the output of 
thG wave shaper 230 is applied to an FBF filter input. Except during this phase, the 
output of the symbol detector 24a is applied to an FBF filter input. 

During the equalizer training phase, an algorithm stored in the calculation 
module 233 changes the CO coefficients = (c_2. Ct. Co, and Cj) of the FFF and 
FBF filters, so that the signal produced by the wave shaper 230, when it receives 
the training sequence TS stored in a logic circuit, is as similar as possible to the 
signal produced at the symbol detector Input, so that an error signal ES Is obtained 
between these two signals whose mean square value asymptotically tends to zero. 

At the end of equalizor 23 training phase, the adaptation algorithm de- 
veloped in the calculation module 233 is frozen so that the coefficients c.2, c.^ , Cq. 
and Cz calculated in both FFF and FBF filters of the equalizer 23 are maintained 
constant until the end of the burst or raster. According to the invention, the coeffi- 
cients obtained at the end of the training phase are transmitted to the predistorter 
13 (FIG- 1} or 13a and 13b (FIG. 2). The same coefficients are used to equalize the 
data received during a reception time interval which temporarily follows the se- 
quence TS time interval. Includes data and predistorts the signal transmitted 
through the transmission chan of the base station. The i^edistorter Includes the 
same FFF and FBF ifillers (FIG. 3) as those of the equaflizer EQU. This results in 
the predistorter operating with the same coefficients as those of the equalizer EQU 
during a transmission time interval defined with respect to tfie reception time inter- 
val with a delay equal to that defined in the Time Duplex mode of the DECT. 

Figure 5 shows a second embodiment of the Inventipa In this embodimant. 
the output of the discriminator 221 is applied to an analogic/digital converter A/D 
input. This converter samples the signal received from the remote unit with a higher 
sample frequency than the frequency of the logic symbols associated to the re- 
ceived signal. These logic symbols are the bits to which the modula- 
tion/demodulation Is applied. Hence, seta of N samples are defined {cp(k, T)}, where 
N is an integer, delimited by respective windows offset by a pitch of M samples, 
where M for example is equal to 1. A set of samples is defined by a same sample 
phase (between 0 and 2jc) of the raoelved signal fn the notation [<p{K T)}, k indi- 
cates the range of the first sample of the set and T indicates the bit period separat- 
ing two consecutive samples of this set. A correlator COR correlates a sequence {1} 
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wKh each one of the obtained sample seis, to defaie an a prion optimum set of 
samples {cp(k = K, T)}, defining a maximum correlation value. The sequence (1). 
stored for example in a ROM memory, includes samples at bit frequency of a 
predefined sequence received through the transmission chain of the remote unit 
and the reception chain of the base station. Hence, the sequence {)} is representa- 
tive of the non-linear distortion of the modulation/demodulation means distributed 
between the base station and the remote terminal. The predefined sequence is 
typi'caliy a synchronisation sequence transmitted In each DECT raster. 

To an input of the equalizer EQU, the a priori optimum sample set {cp(k. T)> 
is applied and also some {<p(K-2. T>}. {<P(K-1. T)>. {<p(k, T)}. {cp(K+1. T)} and 
{9{K+2. T)} of the other sample sets which are defined by respective sample 
phases near to the sample phase of the a priori optimum sample set. The equalizer 
EQU receives, on the one hand, a l09ic symbol sequence TS stored in a ROM 
memory and which corresponds in the DECT to the training sequence and, on the 
other hand, the sample sets {q)(K'2. T)}, {tp{K-1» T)}, {(p{k. T)}, {^(K+t T)} and 
{<p{K+2, T)}. 

"me equalizer EQU produces an enror signal c(K-2). e(K-1). e{K). €:(K+1) and 
cCK+2) for each one of the sample sets {q5(K-2. T)>. {q>CK-1. T)}, T)l {ip(K^-1. T)) 
and {<#>(K+2, T)}. A selector chooses the sample phase for which the equalization 
error signal «(K.2}, eCK-1), «(K), e{K+1) and e(K+2) is smallest Hence, an optimum 
phase Ksel for the sample of the signal received Is obtained. 

After this synchronisation arrangement phase, a catculation module In the 
equalizer EQU defines the equalizer coefficlBnts mmlmiztng the error signal accord- 
ing to. on the one hand, said signal received from the remote unit when sampled 
with the sample phase of the selected sample set and. on the other, a training se- 
quence rs. 

These coefHclents are transmitted to the predistorter to predistort the signal 
to k)e transmitted. 

In another possible altemative to this second embodiment, an interpolation 
algorithm to define the sample sets C(<p(K-2. T)>, {ip(K-1, T)). {(KK+1, T)) and 
{(p(K+2, T)}} which are defined by respective sample phases near to the sample 
phase of tne a phori optimum sample set can be used. This solution permits the 
reduction of the sample frequency of the fiJD converter. 

In the DECT system, for the embodiments described above, the coefficients 
used In the equalisation means to equalize the signal during a reception time inter- 
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val are transmitted to the predistorter to predistort the signal during the following 
transmission time intervaL in DECT, the ascending raster successively includes a 
synchronization sequence, a training sequence and the transmission and reception 
channels in temporary duplex mode. 

In order to improve the quality of the predistorted signal, a spectral control 
can be applied to the predistorted signal. This spectral control may be in the form 
of an automatic gain control, which is applied to the predistorted signal imposing 
upon it a constant enyelops^ 

Another way to improve the quality of the predistorted signal consists of 
studying the convenience of predlstorfing or noL The predistorter is activated when 
the non-linearity degree of the received signal is less than a reference level. On 
the other hand, the predistorter is not activated when the non-linearity degree of 
the signal received is greater than tfils reference level. 



4, Brief Description of Drawings 

Figure 1 shows a block diagram of a transmission/reception unit operaUng 
aooonJIng to a phase predlstortion mode; 

- Figure 2 shows a block diagram of a tr&nsmlsslon/recepti'on unit operating 
according to a predistortion mode for components In quadrature; 

- Figure 3 shows a block diagram of an equalizer according to the state of 

the art; 

- Figure 4 shows a block diagram of one part of the reception chain of the 
transmission/reception unit according to the prefen^d embodiment In accordance 
with the invention; and 

- Figure 5 shows an algonthm of a second embodiment accoRJing to the 
Invention, 
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Fig. 5 



FfG.S 



<P(k.T) 



ip(K-2, L).(p(K-1, L). 
, V<K+1. L), 

e(K.2).e{K-l), c(K). 




min e(k) 

k«(K-2) -KK+2) 



Ksel 



7:t 



mWi^ 10-271051 



1 , Abstract 

The present Invention refers to a transmission/receptfon unrt that exchanges 
data with a remote unit fay means of a channel using distributed modula- 
tion/demodulafion treatment means. The transmission/neception unit Includes 
equalization means (23) to equafize a frst signal received from said remote unit 
and predistortion means to predistort a second signal transmitted to said remote 
unit. According to the invention, the unit is characterized in that the modula- 
tion/demoduJat'on freatment means operate in a non-linear way and the unit in- 
cludes means (230) to store Information that Is representative of a nonlinear dis- 
tortion of said moduiationydemodulation treatment means and which defines a non- 
linear reference, and means (233) to adjust coefficients (CO) in the equalization 
means (23) according to the signal received from the remote unit and said repre- 
sentative infomiataon, the mentioned adjusted coefficients being transmitted to said 
predistortion means. 



2, Representative Drawing 
Fig* 4 



